In the absence of a definitive cell marker for testis-derived Sertoli cells, their identification in cell culture or in Sertoli cell-facilitated cell transplantation protocols is difficult and limits the creditable evaluation of experimental results. However, the production by prepubertal Sertoli cells of Mullerian inhibiting substance (MIS) presents the possibility of specifically identifying extratesticular Sertoli cells as well as Sertoli cells in situ, by the immunodection of this unique glycoprotein. This study was designed to determine if isolated rat Sertoli cells could be identified by routine immunocytochemistry utilizing an antibody raised against MIS. Sertoli cells immunostained for MIS included Sertoli cells in situ and freshly isolated, cultured and cocultured Sertoli cells, and Sertoli cells structurally integrated with NT2 cells in simulated microgravity. Detection of MIS was also determined by Western blot analysis.
INTRODUCTION
types such as bioengineered Sertoli-enriched tissue constructs (SETC) used in experimental transplantation During embryological development of the mammatherapy (5,6). Because Sertoli cells used in SETC and in lian reproductive system, the presence of fetal testes inother cell transplantation protocols (9,12,15-17,21-23) hibits the Mullerian duct from differentiating into female are isolated, typically, from prepubertal animals at apaccessory structures such as the oviducts and the uterus proximately the same age during which there appears to (18, 20) . The origin of this inhibiting factor has long be a transient rise in the expression of testicular MIS, it been identified as a glycoprotein that is secreted from is possible that MIS may well serve as a specific marker Sertoli cells, termed Mullerian inhibiting substance for the identification of these extratesticular Sertoli cells. (MIS) (18, 20) . MIS is a member of the transforming This project investigated the immunoreactivity of MIS growth factor-β family of growth and differentiation facin Sertoli cells in the 16-day-old rat testis, in Sertoli tors (8) and is also found in the adult testis at low levels cells isolated from 16-day-old rat testes, and in isolated (3). The presence of MIS has been detected in Sertoli Sertoli cells integrated with other cell types. cells of various mammalian species including humans MATERIALS AND METHODS (19) and in immature mice (2). Lee and colleagues demonstrated that MIS was present in the peripubertal rat Testes were surgically removed from 16-day-old Sprague-Dawley rats as approved by the institutional testis and showed a temporary increase in the transcription of MIS (11) during the time that Sertoli cells are animal care guidelines and either fixed with 4% paraformaldehyde/PBS and processed for immunocytochemtypically isolated from the testis for in vitro studies (7).
This observation may be significant in developing a istry, or subjected to sequential enzymatic digestion to obtain isolated Sertoli cells (7) for culture, coculture, protocol to identify Sertoli cells outside of their testicular environment because, currently, there are no definiand aggregation with other cell types as described below. Cryosections from testes and SETC (20 µm) and tive function markers for this cell type. In the testis, Sertoli cell identification is based primarily on the cell's isolated Sertoli cells in mono-and cocultures were immunostained for MIS using a polyclonal antibody raised relationship with the germ cell population. Their detection becomes quite difficult when Sertoli cells are isoagainst the MIS as described below. lated Sertoli cells, cultured Sertoli cells, Sertoli-NT2 The whole testis from one 16-day-old Sprague-Dawcocultures, and SETC were fixed for 20 min in 4% paraley rat was surgically collected and immediately frozen formaldehyde/PBS. The testicular tissue, freshly isolated in liquid nitrogen until processed for immunostaining as Sertoli cells, and SETC were cryosectioned and immudescribed below.
nostained for MIS, whereas the cultures and cocultures were immunostained on the slide or in the culture well.
Collection of Seminiferous Tubules (Fraction 2)
Prior to immunostaining all tissues and cells were subThe testes of 16-day-old Sprague-Dawley rats (N = jected to permealization (PBS, 10% horse serum, 0.1% 20) were surgically collected, digested with 0.25% trypTriton X) for 1 h at room temperature and then exposed sin, and washed several times to remove interstitial comto the MIS primary antibody (Santa Cruz Biotechnolpartment cells. The resultant seminiferous tubule fracogy, Inc., goat anti-rat, polyclonal, 1:2000/PBS with 2% tion (Fraction 2) was then frozen in liquid nitrogen until horse serum) overnight at 4°C. The tissue and cells were processed for immunostaining as described below.
washed with PBS three times for 5 min and then exposed to the secondary horse anti-goat antibody (Vector
Collection of Fresh and Cultured Sertoli Cells
Laboratories, Inc., 1:300/PBS with 2% horse serum).
(Fractions 3 and 4)
The bound antibody was visualized by either a chromoThe testes of 16-day-old Sprague-Dawley rats (N = genic peroxidase reaction product utilizing the VIP sub-20) were surgically collected and treated to sequential strate kit (Vector Laboratories, Inc.) or by fluorescent enzymatic digestion with 0.25% trypsin and 0.20% coldouble labeling with rhodamine (Chemicon, Inc.) for lagenase as previously reported for the collection of Ser-NT2 cells and FITC (Santa Cruz Biotechnology, Inc.) toli cells (7). After several washes, some of the primary for Sertoli cells. Negative immunostaining controls inisolates were frozen immediately in liquid nitrogen (Fraccluded deletion of the primary antibody. tion 3). The remainder was resuspended in DMEM-F12 media supplemented with retinal (Sigma), ITS+ (BD Western Blot Analysis Biosciences), and gentamicin sulfate (Sigma) as preFractions 1-4 were used in Western blot analysis. viously described (7) and plated in conventional tissue
The tissue and cells were subjected to a cell lysis protoculture plastic ware or glass chamber slides. These encol and both the crude cytosolic and membrane fractions riched Sertoli cell cultures were pretreated at 39°C in were collected. The Pierce BCA Protein Assay Kit was 5% CO 2 /95% air for 24 h to expedited the removal of utilized to determine the protein concentration of the contaminating germ cells. Following pretreatment, the samples. The samples were run on Invitrogen NuPage temperature was reduced to 37°C. After an additional 24
Bis-Tris 10% gels using the NuPage MES running h, some of the cultured Sertoli cells were lifted from the buffer and transferred to Invitrogen Invitrolon PVDF substrate by 0.1% trypsin digestion, washed, and immemembranes. The Western blot analysis was done using diately frozen in liquid nitrogen (Fraction 4).
the Western Breeze Novex Chromogenic Western Blot Immunodetection Kit for goat primary antibodies. The NT2 Cells, Coculture, and SETC primary antibody was the same Santa Cruz BiotechnolHuman neuronal NT2 cells (Layton Bioscience) were ogy goat anti-rat polyclonal antibody (1:100/PBS) as plated in T-150 culture flasks in DMEM/F-12 with 10% utilized for immunocytochemistry. The membranes were FBS. The cells were incubated at 37°C and 5% CO 2 / developed in the chromogenic substrate for 15 min. 95% air. The NT2 cells were lifted from the flasks with 0.1% trypsin, washed, and then cocultured with the pre-RESULTS treated Sertoli cells in 24-well tissue culture trays or Testicular Tissue glass chamber slides for 48 h. Additionally, NT2 cells were structurally integrated with pretreated Sertoli cells Localization of the chromogenic reaction product resulting from MIS immunostaining of the 16-day-old by 7-day coincubation in the NASA-developed HARV biochamber under simulated microgravity conditions testis was limited to the seminiferous epithlium and distributed, therein, in a pattern identical to the normal disas previously described (5,6). The resulting Sertolienriched tissue constructs (SETC) and the Sertoli celltribution of Sertoli cells of the intact peripubertal testis (Fig. 1) . There was no positive staining of cells in the did the negative tissue control (i.e., NT2 cells), therefore allowing for the reliable identification of positive MIS testicular interstitial compartment.
immonostaining in the Sertoli-enriched tissue construct.
Sertoli Mono-and Cocultures
Western Blot Analysis Sertoli cells isolated from 16-day-old rats were routinely processed for conventional culture, either by Protein samples were derived from whole testes (Fraction 1), isolated seminiferous tubules (Fraction 2), themselves (monoculture) or in combination with the NT2 neurons (coculture). All cells in Sertoli cell monofreshly isolated Sertoli cell aggregates (Fraction 3), and isolated Sertoli cells cultured for 48 h (Fraction 4). All cultures were positively immunostained for MIS (Fig.  2) , whereas just Sertoli cells were MIS positive in the fractions (1-4) were separated, transferred, and immunostained by the same anti-MIS utilized in the immunoSertoli-NT2 coculture (Fig. 2) . Negative immunostaining controls showed no reaction product.
cytochemistry. All fractions resulted in a positive Western bolt analysis for the MIS protein, which appeared at Sertoli-Enriched Tissue Constructs the appropriate molecular weight (Fig. 4) . Following integration of Sertoli cells with NT2 cells DISCUSSION by simulated microgravity for 1 week, there was specific MIS immunostaining for Sertoli cells (Fig. 3) . AdditionResults from this study indicate that Setoli cells from 16-day-old rats express immunoreactive MIS in situ, ally, because NT2 cells were positive for the anti-human mitochondrial protein (Fig. 3) , double antibody immuwhen isolated for monoculture or coculture, or when integrated with NT2 cells into Sertoli-enriched tissue connostaining with the Sertoli cell probe and the NT2 cell probe resulted in differential immunostaining for the two structs (SETC) by simulated microgravity technology. The cells, positive for MIS in the testis, continued to cell types (Fig. 3) . Primary antibody deletion for both probes resulted in negative immunostaining (Fig. 3) as express this unique protein following isolation and lim- were a gift from Layton Biosciences.
